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Okchp a30Ta (NO) oxhochxcji k hoboh axnnnqHon KaTeropun HeiipoHajibHbix cnraa- 
jiBHbix BeipecTB. NC cnHxe3npyexc5i H3 aMHHOKHcnoxbi L-aprnHHHa ceMeiicTBOM bhcoko 
peryjmpycMbrx ([jepMeHXOB, cnHxa3aMH OKcnpa a30Ta (NOS). CeaeKTUBHbiM MapxepoM 
NOS b HepBHoil TKaHH, Kax noaaraiox, HBnaexca NADPH-pnatJiopaanaa (HA^OH-p) 
peaKpna. C noMombio HAUOH-u mcTOXHMHuecKoro Mexopa nccJienoBann Hajinune h 
pacnpepeJieHHe CHHTa3bi oKcnpa a30Ta y nepKapnii xpcMaxop 7 ceMeiicxB. no3HXHBHoe 
HA^OH-ji OKpamnBaHHe o6Hapy>KeHO b raaBHbix npopojibHbix HepBHbix cxBOJiax, b bo- 
aoKHax, Hpymnx k nnrMeHXHpoBaHHbiM rjia3KaM, a xaioxe b Mbimpax OpiouiHOH h poxoboh 
npucocoK. rioayqeHHbie paHHbie noaxBep'/Kpaiox, qxo HHipoKcuaepruuecKaa cnmaJibHaji 
cncxeMa MO>Kex nrparb Baacuyio pojib b <J)H3HOJiorHH pepKapnn xpeMaxop. 

Kjuoneeue cnoea: xpeMaxopw, pepKapnn, HepBHaa cncxeMa, HenpoMepnaxopbi, oxcnp 
a30Ta. 


B HepBHOH cucTeMe TpeMaiop bmpbuch pap HeiipoHajibHbix cHraajibHbix 
BemecTB: aMHHepraqecKiix, nenTHpepriraecKiix, xo-mmepriinecKiix ii pp. CBe- 
peHHH O HajTHPHH 3THX BdlteCTB HMetOTCP B OTHOIIieHIIII K3K B3pOCJIbIX, TaK 
h jTHHMHonHbix (fiopM paajTnqHbix npe.pcTaBHTe.neH 3Toro KJiacca napa3HTH- 
necKHx iuiockhx qepBeH (McKay et al., 1990, 1991; Skuce et al., 1990; IHn- 
uiob, 1991; Magee et al., 1993; Pan et al., 1994; Niewiadomska et al., 1996; 
Mair et al., 2000; Stewart et al., 2003; Halton Maule, 2004; Sebelova et al., 
2004; Terenina et al., 2006; Tolstenkov et al., 2008, Tepemma, Tojictchkob, 
2013). 

OTKpbiTne b Hanane 1980-x ropoB cbohctb oKcnpa a30Ta (NO) Kate HOBoro 
HeHpoHajTbHoro peryjnrropa c|iH3HonorH4ecKnx nponeccoB ii nepBoro ii3BecT- 
Horo TpaHCMHTTepHoro ra3a, BbinoJTHHtomero HeitpoMepHaTopHyio (JjyHKUino y 
MneKoriHTaiomHx (Ignarro et al., 1987; Snyder, 1992; Garthwaite et al., 1995), 
HBHjiocb peBomounoHHbiM uiaroM b Shojiothh h Mepimime ii pano toji40k k 
HCCJ iepoBaHHK) 3Toro yHHKaJibHoro h aranimHoro HeilpoHaubHoro ciirHanbHO- 
ro BeuiecTBa y ppyriix )KHBOTHbix, b tom queue ii napa3imi4ecKiix qepBeil. 
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CnHTe3 oxcnaa a30Ta xaTaainiipyeTca ceMencTBOM blicoko peryanpyeMbix 
(JjepMeHTOB, CHHTa3aMn oxcnaa a30Ta (NO-cnHTa3aMn), xoTopbie b npncyTCT- 
bhh xncaopoaa, HAflOH-AHaiJ)opa3i>i n apyrnx xocjiaxTopoB TpaHCtjiopMHpy- 
k)t L-apruHiiH b L-uiiTpyjiJiHH c ocBo6oacaeHneM NO (Nathan, Xie, 1994). 
y n03B0H0HHBIX )XHBOTHbIX H^eHTH^HUHpOBaHO 3 OCHOBHbie (JlOpMbl NO-CHH- 
Ta3bi: HenpOHajibHaa (Tim I), HHaypnGeabHaa (Tim II) n 3HaoTeanaabHaa 
(ran III) (Moncada et al., 1991; Bredt, 1995). Kaacaaa H3 tthx cJjopM npoayan- 
pyeTca pa3JiimHbiMii reHaMn (Sessa, 1994). HeiipoHaabHaa n 3HaoTeanaabiiaa 
NO-ciiHTa3bi hbjihiotch Ca 2+ 3aBncnMbiMH, Toraa k3k HHaynn6eabHaa NO-chh- 
Ta3a b dojibmimcTBe TxaHeil aBaaeTca Ca 2+ He3aBncnMon. B cbb3h c TeM hto 
NO HMeeT KOpOTKim nepnoa 5KH3HH h TpyaeH ana H3y i ieima, nccaeaoBanne 
3 toto BemecTBa (jjoxycnpyiOTca raaBHbiM o6pa30M Ha myneimH (JiepMeHTa ero 
cnHTe3a, CHHTa3bi oxcnaa a30Ta. Jinn BbiaBaeHna CHHTa3bi oxciiaa a30Ta b Hep- 
bhoh TKaHH miipoKO npiiMenaeTca HAJfOH-anacjiopaaiaa rncTOXHMHHecxaa 
peaxpna, xoTopaa npn onpeaeaeHHbix ycaoBnax (jinxcaimn aBJiaeTca ceaex- 
thbhbim rncTOxiiMimecKiiM MapxepoM NO CHHTa3bi (Bredt et al., 1991a, b; 
Hope et al., 1991; Brehner, Stach, 1997). 

B jiirrepaType noaBiumcb aamibie o tom, hto b nepBiion cncTeMe napa3nra- 
necxnx naocxnx nepBen, b hbcthocth TpeMaToa, Hapaay c KJiaccrmecKHMH 
HeiipoMeanaTopaMH npncyTCTByioT CTpyKTypbi, renepopyioume oxcna a30- 
Ta, — BemecTBO, aBJiatomeeca npeacTaBHTeaeM hoboto Tmia cnruajibiibix mo- 
aexya co CBOHCTBaMH HenponepeaaTnnxa (Gustafsson et al., 2001; Kohn et al., 
2001, 2006; Tandon et al., 2001; Terenina, Gustafsson, 2003; Terenina et al., 
2006). 

noATBepacaeimeM rncToxiiMimecKiix aamibix o iiaaimim oxcnaa a30Ta b 
HepBHoft cncTeMe TpeMaToa aBHancb pe3yabTaTbi paaHOMeTpnaecxoro nccae- 
aoBanna, noKa3aBmero naanane aKTHBiiocTH (JiepMeHTa cnHTe3a oxcnaa a30- 
Ta — CHHTa3bi oxcnaa a30Ta b Txanax Fasciola hepatica n F, gigantica (Tereni¬ 
na et al., 2003; Soha et al., 2009). 

HMeiomneca CBeaenna o Haanann y TpeMaToa HHTpoxcnaeprHHecxnx 
CTpyKTyp KacaiOTca raaBiibiM o6pa30M B3pocabix napa3HTOB, Toraa xax b otho- 
meHHH annnHOHHbix (jiopM cooTBeTCTByromne aamibie oneHb orpaHnneHbi. 

C peabK) nccaeaoBaHna poan HHTpoxcnaeprHHecxon cncTeMbi b acn3He- 
aeaTeabHOCTH TpeMaToa b HacToamen paooTe nccaeaoBaan iiaamme n pacnpe- 
aeaeHne cJiepMeirra cnHTe3a oxcnaa a30Ta — cnHTa3bi oxcnaa a30Ta y pepxa- 
pnii TpeMaToa pa3annHbix ceMencTB. 


MATEPHAJI H METOflHKA 

B pa6oTe ncnoab30Baan 9 BnaoB pepxapnn TpeMaToa, npimaaaeacamnx x 
7 ceMencTBaM: Moliniella anceps Molin, 1859 (ceM. Echinostomatidae Looss, 
1899) H3 Lymnaea palustris, Eeaopyccna; Notocotylus attenuatus Rudolphi, 
1809 (ceM. Notocotylidae Liihe, 1909) H3 L. stagnalis, HoBocn6npcxaa o6a.; 
Paramphistomum cervi Zeder, 1790 (ceM. Paramphistomidae Fischoeder, 1901) 
H3 Planorbis planorbis, Eeaopyccna; Trichobilharzia szidati Neuhaus, 1952 
(ceM. Schistosomatidae Stiles and Hassall, 1898) H3 L. stagnalis, Eeaopyccna; 
Bilharziella polonica Kowalewski, 1895 (ceM. Schistosomatidae Stiles and Has¬ 
sall, 1898) H3 P. corneus, Eeaopyccna; Opisthorchis felineus Rivolta, 1884 
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(ceM. Opisthorchiidae Looss, 1899) H3 Bitkynia tentaculata, 3an. CuOupb; Me- 
torchis bilis Braun, 1890 (ceM. Opisthorchiidae Looss, 1899) H3 B. tentaculata, 
Eejiopyccua; Cotylurus szidati Zazomova, 1991 (ceM. Strigeidae Railliet, 1919) 
H3 P. corneus, Eenopyccua; Cryptocotyle lingua Creplin, 1825 (ceM. Heterop- 
hyidae Leiper, 1909) H3 Littorina littorea, Eenoe Mope. 

Bbi^eneHHbix MOJunocKaMH uepKapHH (JiHRCHpOBajiH b 4%-hom napacfiopMa- 
nbuerHue b 0.1 M (jiocijiaTHOM 6y<fiepHOM pacTBope (pH 7.4) npn 4 °C h 3aTeM 
coxpaHSJiir b 10%-hoh caxap03e, npHTOTOBJieHHOH Ha 0.1 M (poccJiaTHOM 6y- 
())epe. ,3,jia HucnTHcjinKaunH CTpyKTyp, couepacaiunx CHHTa3y OKCH.ua a30Ta 
(NO-CHHTa3y), HCnOJIb30BaiIH HHKOTHHaMHUaueHHH AHHyKJieOTH^())OC())aT-^Ha- 
(J)opa3HbiH (HA,3,<£>H-u) rHCTOXHMHnecKHH MeTOu. MeTOA ocHOBaH Ha onpe^e- 
neHHii cJiepMCiiTa HA/],OH-^Hacj5opa3bi, H3Becraoro xax Mapxep NO-CHHTa3bi 
(Hope, Vincent, 1989; Hope et al., 1991; Dawson et al., 1991; Vincent, Kimura, 
1992). BpeMs HHKySauHH cocTaBJiano ot 0.5 uo 1.0 u npH 37 °C. KoHeuuaa 
KOHuempauna b miKyoaunonnoH cpeuc HHTporony6oro TCTpasonna (Nitro 
Blue Tetrazolium, Sigma) coeraBJiajia 1 Mr/Mji, P-HA^OH (P-Nicotinamide 
adenine dinucleotide phosphate. Sigma) — 2 mi7mji. 

nojiyHeHHbie pe3yjibTaTbi HCCJieuoBajiHCb npn noMOiun CBeTOBoro MHKpo- 
CKona Axiostar plus (Zeiss). 


PE3YJIbTATW H OBCY^CHEHHE 

nonoacHTejibiiaa HA,fl(OH-u peaxuna, CBHueTejibCTByiomaa o uanmvm 
CTpyKTyp, renepHpyiomHx okchu a30Ta, BbiaBJiena b HauOojiee pa3BHTbix raaB- 
Hbix npottoxtbHbix HepBHbix cTBOJiax uepKapHH Hccjie^oBaHHbix TpeMaxoa 
(pHc. 1, a — 3 ). Y pa.ua uepKapnii peaKuna 6biJia 6onee BbipaaceHa b nepeu- 
HeH uacTH Teaa. Y uepKapHH, hmciouxhx uyBCTBHTCJibHbie rjia3KH (P. cervi, 
O. felineus, B. polonica, Cryptocotyle lingua, T, szidati), mo>kho 6biJio BHpeTb 
nonojKHTejibHoe HA,II,OH-,u OKpamuBaHne b HepBHbix BonoKnax, Huyumx k 
nHrMeHTHpoBaHHbiM nia3KaM (pnc. 2, a — e). 

noMHMO HepBHbix ajieMeHTOB, HA^OH-ji peaKuna oOnapyaceHa b Mbimuax 
poTOBOH h 6pioiHHOH npHcocoK (Moliniella anceps, Cotylurus szidati, B. polo¬ 
nica, T. szidati ), npouojibiibix Mbimuax XBOCTa (Moliniella anceps, O. felineus), 
a TaKace b paunajibiio HanpaBJieHHbix MbiiueuHbix BOJiOKHax, uuymux k 6pioiu- 
hoh npucocxe y T. szidati, B. polonica (pnc. 2, z, d). 

Kax noKa3biBaioT uamibie jiHTepaTypbi, b HepBHoil cHCTeMe TpeMaTou Ha- 
pauy c KJiaccHuecKHMH neilpoMCUHaTopaMH (aueTHJixojiHH, KaTexonaMHHbi, 
neiiponenTHUbi h up.) npucyTCTByioT HHTpoKcuaeprmiecKiie CTpyKTypbi, 
t. e. CTpyKTypbi, reHepupytomue okchu a30Ta, — BemecTBO, aBJiaiomeeca 
iipeucTaBHTCJiCM hoboto THna CHTHajibHbix MoneKyn co cBoiicTBaMii neiipo- 
nepeuaTUHKa. /(ji a HueiiTH(()HKauHH HepBHbix CTpyKTyp, reHepupyiomHX ok- 
chu a30Ta, uiHpOKo ucnoJib3yeTca rncTOXHMH L iecKaa peaxmia, ocHOBaimaa 
Ha onpeucaenHH cjiepMCHTa HA/JOH-UHatjiopasbi, KOTOpbiii aBJiaeTca Tonorpa- 
(JiHuecKHM MapxepoM (JiepMeHTa CHHTe3a oxcnua a30Ta — NO-CHHTa3bi (NOS; 
EC 1.14.13.39) (Dawson et al., 1991; Hope et al., 1991). CBeuemia o HannuMH 
CTpyKTyp, reHepHpyKmmx okchu a30Ta, HMeioTca b OTHomemm B3pocnbix 
(JiopM papa TpeMaTOu: F. hepatica, O. felineus, Allocreadium isoporum, P. cer¬ 
vi, Aspidogaster conchicola, Echinoparyphium aconiatum, Fasciolopsis buski. 
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Phc. 1. HAflct-a oKpauiHBaHHe (cTpeJiKH) b rnaBHbix HepBHbix cTBOJtax uepKapim TpeMaTOfl. 

a, 6 — Moliniella anceps', e, — Opisthorchis felineus; d — Metorchis bills', e — Notocotvlus attenuatus ; dk — 
Cotvlurus szidatv, 3 — Trichobilharzia szidati. MacmTa6m>ie jimhChkh, mkm: a, 6 , d — 20; e — 50; e, a, jic, 3 — 

10 . 

Fig. 1. NADPH-d staining (arrows) in the main nervous cords of trematode cercariae. 


Schistosoma mansoni (Gustafsson et al., 2001; Kohn et al., 2001; Tandon et al., 
2001; Terenina et al., 2006; Tojictchkob h ,qp., 2007; TepeHHHa, TycTatJiccoH, 
2012, 2014). 3th ^aHHbie noATBepayjeHbi pe3yjibraraMH pa^HOMerpiiHecKoro 
HCCJie^OBaHHa cjtepMeHia CHHTa3bi OKCH^a a30Ta y rpeMaroa (Terenina et al., 
2003). 
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Phc. 2. NADPH-d no3HTHBHaa peaiojHH (cTpejura) b BOJiOKHax, n,aymnx k nyBCTBHTenbHMM rna3- 
KaM (a — e), u b Mbinmax, naymnx k 6piouiH0H npucocxe (a, d), y uepKapHH TpeMaTOfl. 

a — Cryptocotyle lingua (BCxaBKa — yBejiHHeHHoe H3o6pa>KeHHe o6aacra BHrMeHTHpoBaHHoro raa3Ka); 6, a, 
d — Trichobilharzia szidati; « — Paramfistomum cervi. MacuiTaSHbie jihhchkh, mkm: a — 15; 6, a, d — 10; 

e — 50. 

Fig. 2. NADPH-d positive reaction (arrows) in fibers, running to eyespots (pigmented eyes) (a — e ) 
and in muscle fibres, runing to the ventral sucker (e, d) in trematode cercaria. 


ripe/inoJiaraioT, hto NO-eprimecKHe HepBHbie CTpyKTypti yqacTByiOT b pe- 
ryjiHUHH aKTHBHOCTH MycKyjiaTypbi ctchkh Tejia h opraHOB npiiKperuiemm 
TpeMaTO^ (Gustafsson et al., 2001; Tandon et al., 2001; TojiCTeHKOB h up., 
2007). KpoMe Toro, aHajno uammix o Hajmmm nonoacHTejibHOH HA/JOH-u 
pcaKiiHH b CTpyKTypax npHKpenHTejibHbix opraHOB (Allocreadium isoporum, 
P. cervi ) h .zmcTajibHbix OTuenax penpo/tyKTHBHoM chctbmbi (P. cervi) npeuno- 
jiaraeT TaK>KC BepoHTHoe ynacTHe OKcrma a30Ta b t|)yHKL(HH nyBCTBHTejibHbix 
cxpyKTyp y TpeMaToa (TepeHHHa, TycTat|)ccoH, 2012). 

Hto KacaeTCH jihhhhohhbix t|)opM TpeMaTOu, to CBeuemia o HeirpoMeunaTO- 
pax y hhx 6ojiee orpammeHbi, HeM y B3pocjibix rejibMHHTOB. B HepBHoii ciiere- 
Me uepKapnii TpeMaTou o6Hapy>KeHbi TaKne HenpoMeunaTopbi, KaK aueTHJixo- 
jihh (Niewiadomska, Moczon, 1982; Niewiadomska et al., 1996), KaTexojiaivm- 
hbi (He3JiHH, PbiSaKOB, 1988; UIhiuob, 1991; Czubaj, Graba-Kazubska, 1993), 
cepoTOHHH h HeiiponenTHUw (Skuce et al., 1990; Pan et al., 1994; Tepemma, 
rycTat|)ccoH, 2003; Sebelova et al., 2004; Terenina et al., 2006). EuimimHbie 

paSOTbl CBH/lCTejlbCTByK)T O HajIHHHH HHTpOKCH/tepniMCCKHX CTpyKTyp y uep- 
Kapnii (E. aconiatum, Diplostomum chromatophorum) n MCTauepKapuii ( O.fe - 
lineus) TpeMaTou (Terenina, Gustafsson, 2003; Terenina et al., 2006; Tepemma 
TycTa(|)ccoH, 2014). 
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B npeacTaBJicHHOH paooTe nccaepoBaHna npOBoanan Ha pepxapnax TpeMa- 
TOa pa3JIIIHHI>IX TaKCOHOMIIHeCKHX, 6HOJ10rHHeCKHX H MOpfjjOJIOrHHeCKHX 
rpynn. 3to — pepxapnn TpeMaToa, HMeioipne aiixceHHbin (N. attenuatus, 
P. cervi, T. szidati, B. polonica ) hjih TpnxceHHbin ( Moliniella anceps, O. feline- 
us, Metorchis bilis, Cotylurus szidati, Cryptocotyle lingua) ranbi paBBnraa. 
npOMe^CyTOHHblMII X03«eBaMH HCCJie^OBaHHLIX pepKapHH aBJlBIOTCB SpIOXOHO- 
rue Moaaiocxn, npiiHaaaeacaipne K pa3anaHbiM ceMeficTBaM — Limniidae 
(Moliniella anceps , N. attenuatus, T. szidati ), Planorbidae (P. cervi, B. poloni¬ 
ca, Cotylurus szidati), Bithyniidae (O. felineus, Metorchis bilis), Littorinidae 
(Cryptocotyle lingua). OxoHaaTeabHbiMH xo3aeBaMH nccaeaoBaHHbix pepxa- 
pnn TpeMaTOfl aBaaioTca nTHHBi (Moliniella anceps, Cotylurus szidati, Crypto¬ 
cotyle lingua, T. szidati, B. polonica) hjih MJieKonHTaiomHe (P. cervi, O. feline¬ 
us, Metorchis bilis). 

rioJiyHeHHbie HaMH aaHHBie noxa3aan, hto noaoacnTeabHaa peaxpna Ha 
HA/JOH-p, CBnaeTeabCTBypoHjaa o Haanann (JiepMeHTa CHHTe3a oxcnaa a30Ta, 
o6HapyaceHa b raaBHbix HepBHbix CTBoaax pepxapnn TpeMaToa pa3anaHbix ce- 
MeficTB. rioMHMO raaBHbix HepBHbix CTBoaoB, no3HTHBHaa peaxpna Ha 
HA/lcpH-a oOHapyaceHa b Mbimpax potoboh h SpioniHon npncocox, a Taxace b 
ayBCTBHTeabHbix raa3xax pepxapnn h OTxoaaipnx ot hhx HepBHbix BoaoxoH. 
/JaHHbie o CBa3H ayBCTBHTeabHbix raa3XOB c HepBHbiMH raHranaMH HMeiOTca b 
amepaType (raaaxTHOHOB, /(oSpoBoabcxnH, 1998). B CBa3H c noayaeHHbiMH 
pe3yabTaTaMH MoacHO npeanoaoacnTb yaacrae HHTpoxcHaeprnaecxoH cncTe- 
mbi b (JiyHXHHH ayBCTBHTeabHbix raa3XOB y pepxapnn TpeMaToa. KpOMe Toro, 
o6Hapya(eHHe ho3hthbhoh HA/I,OH-a peaxpnn b Mbimpax npHcocox pepxa- 
pHH npeanoaaraex BaacHyio poab HHTpoxcHaeprnaecxoH CHCTeMbi b aeaTeab- 
hocth hx npHxpenHTeabHbix opraHOB. 3to npeanoaoaceHne nopxpenaaeTca 
cBepeHHaMH o CTHMyanpyioipeM aencTBnn aMHHoxHcaoTbi L-aprHHHHa, yaacT- 
Byioipen b CHHTe3e oxcnaa a30Ta, Ha npnxpenaeHne pepxapnn luhctocom x 
xoace MaexonHTaioipHx (Haas et al., 2002). 

PaHee HaMH 6biao noxa3aHO yaacrae HHTpoxcHaeprnaecxoH CHCTeMbi b 
npnxpenaeHHH x cy6cTpaTy anaHHOx pecroa Mesoscestoides cord (Terenina 
et al., 1999). Bo3MoacHoe yaacrae oxcnaa a30Ta b cjjyHxpnn npnxpennTeabHbix 
opraHOB 6biao Bbicxa3aHO Taxace b oraomeHHH MOHoreHen (Forsella et al., 
2011). TaxHM o6pa30M, BaacHaa poab oxcnaa a30Ta b peryaapun axraBHOcra 
MycxyaaTypbi npnxpennTeabHbix opraHOB, a Taxace ayBCTBHTeabHbix CTpyx- 
Typ, Bepoarao, aacT B03MoacHOCTb HanpaBaeHHO BanaTb Ha noBeaeHne TpeMa- 
Toa n c|)yHxpHio nx npnxpennTeabHbix opraHOB. 
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DISTRIBUTION OF NADPH-DIAPHORASE ACTIVITY 
IN TREMATODE CERCARIAE 

N. B. Terenina 

Key words : trematodes, cercariae, nervous system, nitric oxide. 

SUMMARY 

The presence and distribution of nitric oxide sinthase was studied in cercariae of tre¬ 
matodes from seven families using the nicotinamide adenine dinucleotide phosphate-diap- 
horase (NADPH-d) histochemical method. The positive NADPH-d staining has been ob¬ 
served in nerve fibers in main nerve chords and in fibers running to eyespots (pigmented 
eyes) as well as in muscles of the oral and ventral suckers. The obtained data support an 
important role of the NO-signalling in the physiology of trematode cercariae. 
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